Results and discussion 1 2

Barley lncRNA identification 3
After the adapter sequence trimming and removal of low-quality reads, the mean library 4 size of four sequencing libraries included in the study was over 20 million (min: 5 18223418, max: 22171430) . Additionally, we observed an average of 82.35 % (min: 6 78.7 %, max: 90.9 %) overall read mapping for the alignment step, and considered all 7 sequencing libraries had sufficient quality to perform an ab initio transcriptome 8 reconstruction analysis. The run of Cufflinks pipeline was led to the identification of as 9 many as 34,000 previously unannotated intergenic transcripts, of which 10,439 were the 1 0 lack of coding potential and more than 200 bp in length (Table S1 ). When we filtered 1 1 out the transcripts expressed at low levels (< 1 TPM in all samples), we obtained 8,009 1 2 intergenic putative lncRNAs in the final list, which were distributed almost equally to 1 3 all barley chromosomes ( Figure 1A ). However, chromosome 2 was observed to be the 1 4
richest one in terms of the total number of lncRNAs it harbors. In this study, a total 1 5 number of ~8,000 barley lncRNAs were identified which is smaller than that of human 1 6 (~56,000) (Xie et al., 2014) and mouse (~46,000); higher than fruit fly (~3,300) (Chen 1 7 et al., 2016), and poplar (2,542) (Shuai et al., 2014) (Table S1 ). Actual numbers of 1 8
lncRNAs can be altered depending on sample examined. In this analysis, four RNA-Seq 1 9
libraries were used to detect total lncRNAs. More lncRNAs can be found from barley 2 0 genome by increasing the number of RNA-Seq sets from distinct tissues and/or 2 1
conditions. In general, low expression levels of most lncRNAs compared to protein-2 2
coding genes make it more difficult to detect lncRNAs (Mercer et al., 2011) . Generally, 2 3 they are excluded from the total lncRNA pool resulting fluctuations of total lncRNA 2 4
number. But it is important to note that lncRNAs with low expression may have a big 1 impact, thus extensive and a deep pipeline is required to extract lncRNA, which may 2 possess important biological functions. In general, the distribution of lncRNAs to the 3 barley chromosomes is proportional with its chromosome sizes, except chromosome 2, 4 which includes the highest number (Fig1A). 5 6
Expression pattern of barley lncRNAs and coding transcripts upon excess B-7 treatment 8
As the expression profiles of lncRNAs in root and leaf samples were examined, it was 9 determined that expression levels of lncRNAs in the samples collected from same tissue 1 0
were similar to one another ( Figure 1B) . The hierarchical clustering analysis, however, 1 1 revealed that particular lncRNA clusters were expressed at relatively higher levels 1 2 specific to tissue types ( Figure 1C ). Differential expression analysis of both coding and 1 3 lncRNA transcripts showed that there was 2 fold or more change (up-or down-1 4 regulation) in the expression of the vast amount of transcripts in response to boron 1 5 stress in leaves and root tissues (Table S2) . We observed that the number of common 1 6 coding transcripts that were differentially regulated in both tissues was 517; in addition, 1 7 the total number of differentially expressed coding transcripts in the leaf tissue was 1 8
roughly doubled as compared to root tissue ( Figure 2A ). Similar to the differential 1 9 expression analysis of coding transcripts, we detected a greater number of up-or 2 0 downregulated lncRNAs in the leaves than the root samples ( Figure 2B expressed in leaf and suppressed in root tissue upon B-exposure (three times of each 1 tissue than that of control). In this study, miR5049 and miR399 were also found to be as 2 regulated miRNAs upon B-treatment by eTM analysis (Table S4) where 3 TCONS_00032652 and TCONS_00043651 have predicted as the target mimic 4 sequences, which are able to decoy the miRNA activities, respectively. Thus, expression 5 of transcripts targeted by these miRNAs might be altered due to differential expressions 6 of lncRNAs. Phosphate transporter 2 (PHO2) and putative ubiquitin-conjugating 7 enzyme (UBC) were found to be the target genes of miR399. Also, tubby protein-like 8 transcript was determined as the miR5049 target. In the transcriptome analysis, 9 ubiquitin carboxyl-terminal hydrolase gene was highly up-regulated in leaf tissue upon 1 0 excess B treatment (Tombuloglu et al., 2015) . Interestingly, expression profiles of 1 1 miRNA and its corresponding lncRNA target mimic transcript provide insights into the 1 2 regulation of B-stress in plants. For instance, lncRNA TCONS_00043651, a potential 1 3 target mimic sequence of miR399, up-regulated in roots (three times than that of 1 4 control) upon B-exposure. Oppositely, miR399 expression was reflected with the same 1 5 pattern in a negative direction (three times down-regulated). Similarly, five times 1 6
increase of lncRNA TCONS_00043651 in leaf tissues may prevent the expression of 1 7 miR399, which was up-regulated only three times (Table S2 ). These preliminary results 1 8
suggest that boron regulation can be cooperatively controlled by the interaction of 1 9
miRNA-eTM (lncRNA)-coding target transcript modules. 2 0 2 1
Conclusion 1
With the development of next-generation sequencing technologies and advancement in 2 bioinformatics, more transcriptional datasets were generated including the units with 3 little or no protein-coding potential. In recent years, the lncRNAs considered as 4 regulatory molecules in several bioprocesses. Though a large number of lncRNA 5 transcripts were identified in plants, no such genome-wide study was conducted for 6 barley as an important crop. Another missing biological hypothesis is that the possible 7 involvement of lncRNAs in boron-response mechanism. Here, we reported the genome-8 wide discovery of ~8,000 barley lncRNAs and measured their expression pattern upon 9 excessive boron (B) treatment. Furthermore, we functionally annotated the coding 1 0 transcripts, which are co-expressed with lncRNAs and showed that cooperative 1 1 Table S1 . Barley previously unannotated.transcrpits.bed 1 6 Table S2 . Expression of lncRNAs and coding transcripts 1 7 Table S3 . GO term enrichment analysis 1 8 Table S4 . eTM sequences 1 9 Table S5 . GO term enrichment analysis of eTM related miRNA target genes 2 0 2 1
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